Mithrax hispidus, M. caribbaeus, M. pleuracanthus, and M. tortugae are closely related shallow-water crabs that are difficult to distinguish by morphology alone. This led to recent synonymy of the four species under M. hispidus (Herbst, 1790). The use of three mitochondrial genes (12s, 16s, and COI) nevertheless provides evidence for three distinct species (M. hispidus, M. pleuracanthus, and M. tortugae) and the synonymy of M. caribbaeus with M. hispidus. Morphological features of the merus and carpus of the chelipeds serve as characters to separate the three species.
Introduction
Mithrax hispidus (Herbst, 1790) and some of its close congeners form a species complex that exemplifies the problematic taxonomy for several subgroups in the genus Mithrax Desmarest, 1823. The four species that make up this complex, M. hispidus, M. caribbaeus (Rathbun, 1920) , M. pleuracanthus (Stimpson, 1871) , and M. tortugae (Rathbun, 1920) , were originally distinguished by Rathbun (1925) on the shape of the rostral sinus and the degree of carapace tuberculation. Wagner (1990) however, did not consider that these characters were sufficient enough to separate the species and synonymized the four species treated here along with M. laevimanus Desbonne, in Desbonne & Schramm, 1867, which was not included in this study. He cited distinctive grooves on the distal half of the first gonopod as a unifying character not found in any other species of Mithrax. Ng et al. (2008) followed this synonymy under which Mithrax hispidus is the only recognized species within the complex.
Characters originally proposed to separate the four species are highly variable when a series of specimens is examined, especially when individuals are not closely comparable in size and age. For example, variation is seen in the shape of the rostral sinus, which was used in Rathbun's (1925) diagnoses of the species. Mithrax hispidus, M. caribbaeus, and adults of M. pleuracanthus were originally reported to have a U-shaped rostral sinus, while M. tortugae and juveniles of M. pleuracanthus were noted to exhibit a V-shaped sinus. However, among the specimens we observed, rostral sinuses intermediate between U-and V-shaped are commonplace. Relative development of tuberculation and spines on the posterolateral slope of the carapace was also used in these diagnoses. Rathbun (1925) concluded that M. hispidus and juveniles of M. caribbaeus exhibited a spine on or above the posterolateral slope of the carapace. The slope was noted to be tuberculate in M. pleuracanthus, while it was said to be smooth with only a single tubercle above in M. tortugae. Mithrax caribbaeus was diagnosed by Rathbun (1920; 1925) as possessing two transverse, parallel rows of tubercles on the posterolateral slope. For all four of these species, we find that the degree of tuberculation varies with age. As the juvenile molts, the carapace usually broadens and accessory spines and tubercles become apparent (pers. obs.). As a result, juveniles are all but impossible to identify given such ontogenetic changes in ornamentation.
Because the male first gonopods are not directly influenced by habitat in the same ways as carapace shape and because they can play a role in reproductive isolation, morphological convergence of the gonopod between two species is not expected solely because species share a similar habitat or lifestyle (Martin & Abele 1986) . In some brachyuran crabs, the morphology of the first gonopods can provide valuable characters for the identification of species that are otherwise morphologically indistinct (Garth 1958; Guinot 1967; Harrison 2004; Martin & Abele 1986 ). This led Wagner (1990) to undertake comparative examination of the gonopods of several species of Mithrax. He determined that minute grooves on the side of the first gonopods were unique to the four species he synonymized with M. hispidus and cited this similarity as evidence for their synonymy.
Larval morphology has also been used to determine species relationships (Clark et al. 1998; Rice 1980) , and several studies have used larval characteristics to construct family-level phylogenies within the Majoidea (Clark & Webber 1991; Marques & Pohle 1998; 2003; Pohle & Marques 2000; Santana et al. 2003) . Santana et al. (2003) reared larvae of M. hispidus and then compared them to previously described larvae of other species belonging to Mithrax and Mithraculus. Special attention was focused on the larvae of Mithrax pleuracanthus and Mithrax caribbaeus because they had been synonymized with Mithrax hispidus. Larvae of Mithrax tortugae have yet to be described from laboratory-reared material, so they could not be included in their analyses. Larval comparisons did, however, include Mithraculus coryphe and Mithraculus forceps. The comparisons showed that mithracid larvae are morphologically similar to one another but differ in setation of the carapace and antennules. Santana et al. (2003) also found that the zoeae of Mithrax hispidus more closely resemble the zoeae of Mithraculus coryphe (Herbst, 1801), Mithraculus forceps (A. Milne-Edwards, 1875), and Mithrax caribbaeus than the zoeae of Mithrax pleuracanthus, a proposed synonym. Because larvae of Mithrax and Mithraculus are so similar, Santana et al. (2003) did not agree with Wagner's (1990) division of Mithrax into two genera based on adult characters, nor did they agree with Wagner's synonymy of Mithrax pleuracanthus and Mithrax hispidus. They argued that both the zoeal and megalopal characters between these species are too different to represent the same species. Santana et al. (2003) , however, did concede that Mithrax caribbaeus and Mithrax hispidus are nearly identical in larval forms, exhibiting nothing more than expected levels of intraspecific variation.
This study applies molecular phylogenetic methods to address taxonomic uncertainty within the complex of species allied to Mithrax hispidus. Mitochondrial DNA sequences for the 12s, 16s, and Cytochrome Oxidase Subunit-1 (COI) genes are used because these genes have proven particularly useful in resolving species-level relationships within the Crustacea (Harrison 2004; Schubart et al. 2000) . Additional morphological characters are re-examined to determine whether they support separations of species within this complex.
Materials and methods
Specimens collected from throughout the Gulf of Mexico and Caribbean Sea were available among tissue and specimen holdings in the University of Louisiana at Lafayette Zoological collections (ULLZ), or were obtained on loan from Texas A&M University, College Station (TCWC) and the Florida Museum of Natural History (FLMNH) ( Table 1) . Type materials were obtained on loan from the Smithsonian Institution, National Museum of Natural History, Washington, D.C. (USNM) for morphological comparisons to the specimens held in the ULLZ collections. Specimens utilized for genetic sequencing were either frozen and subsequently transferred to 80% ethanol or preserved directly in 80% ethanol. A total of 12 specimens tentatively assigned to species within the complex were included in genetic analyses. Specimens of Mithraculus forceps and M. sculptus were included as outgroups.
Muscle tissue was removed from inside pereopods or from the exposed ends of coxae where limbs had autotomized. Total genomic DNA was extracted using the Cartagen Genomic DNA Extraction Kit for Arthropods (Cartagen Cat. No. 20810-050) , the Qiagen DNeasy Blood and Tissue extraction kit (Cat. No. 69504), or the ethanol precipitation extraction protocol detailed in Robles et al. (2007) . DNA was quantified and assessed for quality using a Nanodrop ND-1000 Spectrophotometer. Three mitochondrial genes were amplified separately using the Polymerase Chain Reaction (PCR) on a Stratagene Robocycler Gradient 96. The primers for the amplified genes were as follows: 12SsF (5'-GAAACCAGGATTAGATACCC-3'), 12S1R (5'-AGCGACGGGCGATATGTAC-3'), 16SF (5'-TATTTTGACCGTGCAAAGGTAG-3'), 16SR (5'-ATT TAAAGGTCGAACAGACCCT-3') (Hultgren & Stachowicz 2008) , LCO1490 (5'-GGTCAACAAATCAT AAAGATATTGG-3'), and HCO2198 (5'-TAAACTTCAGGGTGACCAAAAAATCA-3') (Folmer et al. 1994) . Successful amplifications were purified using a GenCatch ™ PCR Cleanup Kit (Epoch Biolabs Catalog No. 1360250). Cycle sequencing reactions were completed using the ABI BigDye terminator mix (Applied Biosystems Catalog No. 4337456) . Both strands were then sequenced using an Applied Biosystems 3100 automated sequencer. Sequences of each gene were aligned separately using the MUSCLE (Edgar 2004 ) alignment algorithm set to 20 iterations. We determined the model of evolution appropriate for the dataset using the MrAIC Perl script (Nylander 2004) . The MrAIC program determined that the Hasegawa-Kishino-Yano model (Hasegawa et al. 1985) was the most appropriate model for each of the three genes. We concatenated the three genes into a single alignment of 1530 base pairs using Mesquite (Maddison & Maddison 2008) . We then conducted a partition test of homogeneity (incongruence length difference test) (Bull et al. 1993) , and the results indicated that the genes could be concatenated. Phylograms were built for each gene using MrBayes 3.2 and PAUP*. Bayesian Analysis (BA) was run in MrBayes 3.1.2 (Huelsenbeck & Ronquist 2001) using a Markov Chain Monte Carlo (MCMC) algorigthm with 4 chains for 10,000 generations with a sampling frequency of every 10 trees. The first 2,500 generations were discarded as burn-in. For the concatenated dataset, MCMC was run for 10,000,000 generations and with a sampling frequency of every 1000 trees and a burn-in of the first 2,500,000 generations. The remaining trees were used to create a 50% majority rule consensus tree. Posterior probabilities were obtained to determine nodal support in the consensus tree. Maximum Parsimony (MP) was run in PAUP* (Swofford 2003) and Maximum Likelihood (ML) was run using PhyML3.0 (Guindon & Gascuel 2003) . Maximum Parsimony was run as a heuristic search with random sequence addition, with tree bisection and reconnection as the branch swapping option.
Bootstrap support values were calculated for both MP and ML with 1000 bootstrap replicates each. The external morphology was examined in detail for each of the specimens that were sequenced and for other specimens that were not suitable for DNA sequencing. Measurements of the carapace and articles of appendages were made to examine trends that may facilitate identification of the individual species (data not shown). Tuberculation of the appendages was also examined for possible use as a diagnostic character.
Results
The tree topology for the three individual mitochondrial genes and the concatenated data set each resulted in the same tree topology, so only the concatenated phylogram is presented (Figure 1 ). The phylogram shows three distinct and well-supported clades within the Mithrax hispidus species complex. The clades identified as M. hispidus and M. pleuracanthus are sister groups (BA=97, MP= 65, ML=60) to the clade of M. tortugae.
The clade containing M. tortugae is 100% supported under Bayesian analysis, Maximum Parsimony, and Maximum Likelihood. Within this clade is a subclade (BA=80, MP=76, ML=64) representing two juveniles (ULLZ 7353, ULLZ 6792) that cannot presently be identified with characters used for adults. Both of these specimens are from offshore rubble habitats on the Campeche Banks in the southern Gulf of Mexico off the northern Yucatán Peninsula. The other individual (ULLZ 6980) within this clade is an adult collected from the coastal Caribbean at Bocas del Toro, Panamá.
The clade for M. hispidus (BA=100, MP=100, ML=100) contains three specimens originally identified as M. hispidus and one that had been identified as M. caribbaeus (FLMNH-11383) . Two of the specimens (TCWC 2-2235 and FLMNH 11383) appeared to exhibit the two transverse rows of tubercles on the posterolateral slope of the carapace that Rathbun (1920) applied as a defining character in M. caribbaeus.
The clade containing specimens of M. pleuracanthus (BA=100, MP=100, ML=100) is the most geographically diverse clade, with only two specimens collected from the same geographic region within the Gulf of Mexico. This clade also showed the most variation with respect to the shape of the rostral sinus and the degree of tuberculation on the posterolateral slope of the carapace.
Discussion
The species complex including Mithrax hispidus and its closest congeners has been questionable and problematic for nearly two decades. Our findings contradict those of Wagner (1990) and show that grouping all four species of this complex into one is not warranted. Molecular evidence reveals at least three species within the complex on the basis of the available samples: M. hispidus sensu stricto, M. pleuracanthus, and M. tortugae. The specimen identified as M. caribbaeus (FLMNH-11838) clearly falls within the clade of M. hispidus. A second specimen that fits the description of M. caribbaeus (TCWC-2-2235) also grouped within the clade for M. hispidus. We therefore support the synonymy of M. caribbaeus with M. hispidus. The present findings also support those of Santana et al. (2003) by synonymizing M. caribbaeus with M. hispidus and maintaining M. pleuracanthus as a separate species. We examined the type specimen of M. caribbaeus, which has a carapace width of 78.4 mm, including spines, and was considered by Rathbun (1920) to be a very large specimen for this species. The description of the type specimen of M. hispidus has a carapace width of 146 mm, so M. caribbaeus would fall well within the expected size range of M. hispidus. Two specimens included in this study (TCWC 2-2235, FLMNH 11383) exhibit two transverse rows of three tubercles on the posterolateral margin, which is ostensibly the diagnostic character of M. caribbaeus. As these specimens unquestionably grouped with the clade containing M. hispidus on the basis of three molecular markers, we must conclude that this character does not support the recognition of M. caribbaeus as a separate species. The character is ambiguous in larger specimens due to wear of the carapace and tubercles after the terminal molt. Williams (1965) noted that Mithrax hispidus is smooth with some rounded tubercles, and the illustrations of M. hispidus in (Williams 1965: fig 236; 1984: fig 268) clearly shows these two rows of tubercles on one side, but only obscurely on the other.
Wagner (1990) cited first gonopod morphology as a unifying character for M. hispidus and its close relatives. While we agree that the first gonopods cannot be effectively used to distinguish between these four species, this alone does not justify synonymizing these four species especially given the molecular data. Illustrations by Williams (1965) show the same striations discussed by Wagner (1990) in M. hispidus and M. pleuracanthus, but in Mithrax verrucosus H. Milne Edwards, 1832 as well. These minute striations are not unique to the four species of the complex and thus are not useful in species identification. While gonopod morphology may provide valuable characters for separation of brachyuran species, many cases are also known in which obviously different species share indistinguishably similar gonopods. One excellent example can be found among six separate species of the genus Panopeus that exhibit no consistent differences in gonopods (Williams 1983) . For Majoidea in particular, Garth (1958: 13) found gonopod morphology more useful at the family and generic level than species level, and urged caution before utilizing the male gonopod as a taxonomic character in this group.
The specimens within the clade attributed to M. pleuracanthus exhibit the highest degree of morphological variation among any of the clades. Shape of the rostral sinus ranges from a distinct V-shape to a broad V-shape, but is never U-shaped in the specimens available. Tuberculation on the carapace is also variable between specimens. One of the specimens examined was heavily tuberculate (ULLZ 6751), while others had a few, low tubercles (ULLZ 5694, 6995, 7714) , and a third was nearly smooth (ULLZ 4572). This degree of variation within one species exemplifies how uninformative these characters are.
The specimens within the clade for M. tortugae require further examination. The adult specimen within this clade (ULLZ 6980) is clearly assignable to M. tortugae on the basis of our careful comparison of its morphology to that of the type specimen of M. tortugae (USNM 50442). However, two juveniles (ULLZ 7353, 6792) included in our study also fall within this clade even though present adult morphological characters alone would not definitively place them there. Both are from the southern Gulf of Mexico and were collected within the same area as two specimens of M. pleuracanthus (ULLZ 6751, 6995) , confirming that there are geographically overlapping, genetically separate populations of closely related species within this complex in the Gulf of Mexico. Because juveniles of Mithrax are very difficult to identify to the species level, more juveniles must be sequenced and examined to search for defining morphological characters that conform to our genetically defined clades. Again, the shape of the rostral sinus and carapace tuberculation does not appear to be as informative as formerly reported by Rathbun (1925) .
A set of characters for differentiating between the three genetically established clades is proposed. Ornamentation of the cheliped merus and carpus is consistent within each clade but is recognizably different between clades (Figure 2) .
The cheliped merus is armed with prominent spines on the superior and lateral margins in M. hispidus. The mesial margin is also armed with one or two sharp tubercles, and the cheliped carpus is obscurely tuberculate. This agrees with the description of the cheliped by Wagner (1990) . The type specimen of M. caribbaeus also shares these characters. The cheliped merus of M. pleuracanthus is armed with blunt tubercles, never spines. There is only one blunt tubercle above the mesial margin of the cheliped merus. The cheliped carpus of M. pleuracanthus is tuberculate to obscurely tuberculate, but there is always some indication of tuberculation present, and it is more obvious than in M. hispidus. Mithrax tortugae has a cheliped merus armed with two low, blunt tubercles on the mesial surface of the cheliped merus, but there are overall fewer tubercles on the merus than observed in either M. hispidus or M. pleuracanthus. The cheliped carpus is unique from the other two species in that it is completely smooth with no indication of tuberculation.
Thorough studies of the ecology and behavior for these species may explain why such close relatives have speciated and remained genetically isolated, even though they inhabit broadly overlapping geographic ranges.
